Abstract Adequacy of surgical resection decided by the margin status is important in attaining a good local control and better survival in Head and neck Cancers. Conventionally, a measured distance between the tumor edge and the cut edge of the specimen is taken as the margin. A margin more than 5 millimeter (mm) is considered clear, less than 5 mm is close and less than one mm is denoted as involved. The concept of this adequacy varies between the different sites and subsites in head and neck. The purpose of this paper is to review the current evidence that describes the adequacy of surgical margin status and their variability among the sites and sub-sites in the head and neck.
Introduction
Surgical resection is an important part of the multimodality treatment approach for Head and Neck cancers [1, 2] . Adequacy of surgical resection decided by the margin status is important in attaining a good local control and ultimately better survival [3] . Conventionally, a measured distance between the tumor edge and the cut margins of the specimen gives the adequacy of surgical resection in head and neck squamous cell carcinoma [4] . A margin more than 5 (mm) is considered clear, less than 5 mm is close and less than one mm is denoted as involved [5] . But, this principle may not be universally applicable in all head and neck sites and their sub-sites. The histologic status of surgical margins is an independent prognostic variable in a variety of malignant tumors. Positive margins have been reported primarily in large tumors, T3-T4. Post operative adjuvant radiotherapy in marginpositive SCC has been reported to be unsatisfactory. The feasibility of achieving tumor-free margins is reflective of tumor volume, the particular surgical approach used and the regional anatomy. The purpose of this paper is to review the current evidence that describes the adequacy of surgical margin status and their variability among the sites and sub-sites in the head and neck.
Oral cavity
Squamous cell carcinoma is the most common histology found in tumors of the oral cavity. Oral sub-sites that may be the locus for primary tumors include the oral tongue, floor of mouth, retromolar trigone, upper and lower gingiva, hard palate, buccal mucosa, and the oral lips. The most appropriate method of resection of oral squamous cell carcinoma is by an anatomical approach, because the rate of invaded margins would be less than 10 % (irrespective of size and site of the primary lesion) [6] .
Oral Tongue
In squamous cell carcinoma of the oral tongue, early stage cancers are usually treated with surgery alone and advanced stage cancers require a multi modality treatment approach, which is either surgery followed by radiotherapy or radical chemo -radiotherapy [7] . Oral tongue is a muscular organ, Hence a three dimensional concept of margins beyond the tumor is easily applicable. Usually, a measured intraoperative resection margin of 1 to 2 cm is recommended to achieve a microscopically clear margin of 5 mm [5, [8] [9] [10] [11] .
Floor of Mouth
Early cancers of Floor of Mouth can be treated effectively with a single modality by either surgery or radiation. Planned margins of at least 1 cm, including deep margin should be delineated, this often involves sacrifice of one or both submandibular ducts [12] . In some instances, The deep margins of resection also include excision of the sublingual glands. In tumors involving the anterior floor of the mouth with either abutment or involvement of mandibular periosteum, marginal or segmental mandibulectomy maybe performed to achieve an adequate margin of resection. When the tumor does not involve the mandible, but is either close or abuts the mandible, a marginal mandibulectomy is adviced [13, 14] . In such a situation, the bone removed during marginal mandibulectomy serves as the most lateral margin of the resected specimen. In cases with significant cortical invasion by the tumor or when there is significant para-mandibular involvement, a segmental mandibulectomy is mandatory [13, 15] .
Buccal Mucosa
For tumors involving the buccal mucosa and cheek, the notion of intra operative resection margins is that it should be at least 1 cm to get an eventual 5 mm microscopic clearance [16] . The anatomical tissue of the cheek, from buccal mucosa to the exterior skin has an approximate thickness of 1 to 1.5 cm. Some tumors arise from buccal mucosa and extend laterally, but do not invade the skin. In this situation attaining a thickness of 1 cm beyond the tumor and preserving the skin may not be oncologically possible and required. Yoshihide Ota, et al. described a technique of resection based on the anatomical architecture of the cheek. The mucosa, a fatty layer, followed by a muscular layer and then the skin form the architectural pattern. In a tumor arising from the buccal mucosa without the clinical or radiological involvement of the skin, an appropriate resection of the tumor with the buccinator muscle and fatty layer beyond it, preserving the skin, will be oncologically safe. In this clinical situation, a measured lateral soft tissue margin of 5 mm may not be possible [17] . In situations where the tumor is either invading towards or involving the skin, resection of 1 to 2 cm of normal skin abutting the tumor is required [18] . In tumors reaching or invading the mandible or maxillary alveolus, a strategy similar to that of tongue is to be adopted in resecting the bone as a margin [19] .
Paranasal sinuses including anterior skull base
Surgical ablation forms an integral part of the treatment of sinonasal malignancies. Advanced stage lesions require adjuvant radiotherapy with or without chemotherapy as adjuvant treatment. The overall outcomes of sinonasal malignancies have significantly improved over the years as a consequence of this treatment approach [20] . Craniofacial resection has been considered the gold standard in the treatment of malignancies involving the anterior skull base. The objective of surgery is in obtaining negative margins with minimal morbidity [21] . Maxillectomy is a common procedure performed for tumors involving the paranasal sinuses. Generally, either total maxillectomy or radical maxillectomy is performed. Total Maxillectomy is performed by approaching between the posterior wall of the maxillary sinus and the pterygoid plate, leaving the pterygoid plate intact and resecting the tumour mass. In contrast, when there is invasion of the infratemporal fossa, a larger excision is performed by the inclusion of the pterygoid muscles and the pterygoid plates. A major limitation in skull base surgery is that most of the margins are made in bone. The bony margin is removed by drilling away the bone at the edge of the tumor. It is very difficult to get an en bloc resection in some of these situations. Commonly in the large tumors, the volume is so great that it is practically impossible to establish the quality of the margins at all edges of the tumor. Its is of utmost importance to achieve negative margins on cranial nerves, dura, brain, pharyngeal mucosa, skin, and pterygoid musculature [22] . In this situations too, an anatomical rather than a quantitative approach will be more feasible. If the tumor were involving a particular tissue plane, it would be prudent to take the adjacent next anatomical tissue plane as a margin to get an adequate surgical clearance. Many a time, a measurable microscopic margin of 5 mm may not be possible due to the proximity to the adjacent critical neuro-vascular structures.
A wide range of tumor types involves the anterior skull base, the majority of which arise within the sinonasal cavity. The site of origin is frequently unclear in many of these tumors because of their large size on initial presentation. The decision regarding sacrifice of the involved eye is taken in the intraoperative period. If the tumour could be removed with oncologic safe margins everywhere else, then the region with orbital extension of tumour with periorbital involvement, the periorbita and adjacent extraconal fat abutting the tumour invading the orbit is excised in continuity with the tumour with microscopic assistance, keeping a layer of normallooking orbital fat on the excised specimen as margin. If periorbita appears uninvolved and the tumor is abutting the periorbita, the adjacent periorbita alone will be excised as a margin, but not the fat. This policy is followed when tumor involves the orbital floor as well as the lamina papyracea. The indications for preservation of orbital contents during surgical resection of malignant sinonasal tumors invading the orbit remain disputed. The oncological safety of preserving the orbit and the functional outcome of the preserved eye are two factors that are to be considered [20] . Imola and Schramm in their study concluded that eye preservation can be attempted in tumors that invade the orbital soft tissues with penetration through the periorbita provided that it can be easily and completely dissected away from the orbital fat using microscopic control [23] .
Hypopharynx
Ho, et al. described three types of submucosal tumor extension in carcinoma of hypopharynx. A tumor with a smooth round contour that extended submucosally was labeled as Type I extension in which the elevated mucosa was detectable on gross intra operative inspection. Tongues and islands of tumor infiltrated within the submucosa, not noticeable on gross examination were denoted as Type II extension. Sometimes, a submucosal tumor maybe completely separated from the main tumor bulk, such skip metastases in the submucosa are described as type III extension. Inferring from their study, the extent of submucosal tumor extension in the superior, medial, lateral, and inferior directions were 3-10 mm, 2-37 mm, 2-37 mm, and 3-35 mm, respectively [24] . Ho, et al. also stated that a minimal radial clearance of less than one millimeter is an independent prognostic factor for overall survival, diseasefree survival, and nodal recurrence-free survival on multivariate analysis [25] .
Larynx
Organ preservation is one of the most important goals in larynx cancer treatment. A spectrum of treatment plans and surgical procedures is available for management of early and moderately advanced laryngeal cancer. While the approach of chemotherapy and irradiation, or irradiation alone, followed by total laryngectomy for failure is often employed, the options of conventional conservation surgery (CCS), transoral endoscopic laser surgery (TLS) and supracricoid partial laryngectomy (SCPL) provide a varied option of treatments that may help attain the goal of cure with preservation of laryngeal function and integrity of the airway [26] . The European Laryngological Society proposed a classification of different laryngeal endoscopic cordectomies for early glottis tumours, in order to ensure better definitions of post-operative results. The word "cordectomy" is chosen even for partial resections because it is the term most often used in the surgical literature. The classification comprises Eight types of cordectomies: a Subepithelial cordectomy (type I), which is resection of the epithelium; a Subligamental cordectomy (type II), which is a resection of the epithelium, Reinke's space and vocal ligament; Transmuscular cordectomy (type III), which proceeds through the vocalis muscle; Total cordectomy (type IV); Extended cordectomy, which encompasses the contralateral vocal fold and the anterior commissure (type Va); Extended cordectomy, which includes the arytenoid (type Vb); Extended cordectomy, which encompasses the subglottis (type Vc); and Extended cordectomy, which includes the ventricle (type Vd). Indications for performing those cordectomies may differ from surgeon to surgeon [27] .
In glottic carcinoma, Patients with resection margins more than 1 mm from tumor are considered to have negative margins, patients were denoted as having close margins if the resection margins from tumor was less than or equal to 1 mm. Patients with tumor on the resection margins are considered as having involved or positive margins. Laser removal of early glottic cancer is oncologically adequate with margins greater than 1 mm from the tumor edge. Positive margins require further treatment; close margins may require further treatment depending on tumor characteristics [28] . Sparano A, et al. examined preoperative clinical characteristics that can be used to predict secure inferior margins of glottic squamous cell carcinoma extending toward the cricoid cartilage when performing organ preservation surgery of the larynx. They concluded that preoperative assessment of arytenoid mobility and extent of subglottic extension are reliable predictors of cricoid invasion by glottic squamous cell carcinoma. Organ preservation surgery is oncologically safe in the setting of glottic squamous cell carcinoma with subglottic extension of 15 mm or less and without arytenoid fixation [29] .
Thyroid
"Total" resection can potentially reduce local recurrence rates. It facilitates the monitoring of serum thyroglobulin levels during follow-up, makes it easier for radioiodine ablation if needed and eliminates possible future anaplastic transformation. However, this surgery is associated with an increased risk of complications, including permanent hypoparathyroidism and recurrent laryngeal nerve (RLN) palsy. It does not improve patient survival compared with conservative resection, and cases of anaplastic transformations are exceedingly rare. Locoregional recurrences in patients with micro carcinoma (subcentrimetric) after unilateral lobectomy do not differ significantly from those seen after bilateral resections for lesions smaller than 1 cm. The data for larger lesions are almost identical.
Conservative surgery for low-risk patients with differentiated thyroid cancer is adequate and avoids complications without a significantly increased risk for local, regional or distant recurrence. Lymph node recurrence is easily managed by local excision. Whereas, high-risk patients require an aggressive surgical approach due to their high rate of local recurrence and relatively high mortality [30] . Preoperative RLN palsy can be the first symptom in patients with locally advanced papillary thyroid carcinoma. Despite the adoption of a relatively conservative surgical treatment, long-term survival can be achieved in selected patients [31] .
Extrathyroidal thyroid cancer invading the laryngotracheal system (UICC stage pT4a) represents a progressive process of infiltration of the tracheal wall layers from the outer to the inner parts of the trachea. These tumors usually present with high proliferation activity correlating with a reduced longterm prognosis. In contrary to an intraluminal involvement requiring complete wall resection, in cases of non-transmural invasion, complete tumor removal can be sometimes achieved by extraluminal tangential resection (shaving). Tangential resections, however, are associated with a greater incidence of microscopically invaded resection margins [32] . Complete wall resection in well-differentiated thyroid cancer with tracheal invasion only was found to be associated with longer recurrence-free and tumor-specific survival when compared to shaving. Deep larynx invasion is associated with reduced long-term prognosis when compared to invasion of the trachea. Salvage resections should therefore be performed in selected cases only [32] . Local radical thyroidectomy with combined resection of the trachea can serve as a useful treatment for advanced differentiated cancer invading the airway [33] .
Parotid
There is controversy regarding the management of primary carcinoma of the parotid gland. Though complete surgical excision of the tumor along with an adequate margin of histologically normal tissue remains the main aim of surgical treatment, much of the surgical literature details management plans tailored to specific histologic diagnoses although this diagnosis is usually not available definitively until the surgical excision has occurred [34] . Although the aim of surgical removal with clear margins would be agreed, the extent to which this may be achieved is complicated by the relationship between the tumor and the facial nerve. If a conservative parotidectomy is planned with preservation of the facial nerve, it is imperative that the deep margin of the tumor will be abutting the preserved facial nerve. In this situation too, a measurable microscopic thickness of 5 mm may not be possible. According to the National Comprehensive Cancer Network (NCCN) 2011 Clinical Practice Guidelines in Oncology: Head and Neck Cancers, complete surgical excision is required for parotid gland carcinomas; T1 & T2 or clinically benign tumors, which are characterized by being mobile, superficial, slow growing, painless, with intact facial nerve (VII), and without neck nodes. No additional treatment is envisaged if the excised tumor is pathologically confirmed to be benign. However, if there is tumor spillage or the tumor is pathologically proven malignant, post-operation radiation therapy should be considered, regardless of grade [35] . The standard surgical procedure was total parotidectomy with facial nerve preservation unless there was gross neural invasion. Patients who were in poor clinical condition or who had unresectable tumors received radiotherapy as primary treatment [36] . An appropriate resection in malignant parotid tumors would be the resection of the tumor with a sufficient layer of normal parotid tissue around the tumor confirmed per operatively. A measured microscopic 5 mm margin (on postoperative histopathological examination) is not possible in a total conservative parotidectomy with the preservation of facial nerve due to two reasons. (1) It is usually a controlled dissection on the capsule of the tumor where it abuts the plane of the facial nerve and (2) the specimen distortion during surgery, because of which inking of the specimen may not be representative.
Conclusions
In head and neck malignant tumors, adequacy of surgical resection decided by the margin status is important in attaining a good local control and ultimately better survival. Though a measured microscopic 5 mm is usually considered an adequate surgical margin, this may not be possible in all clinical situations and sub-sites. Every attempt should be made to achieve this, but the adequacy of clearance has to be tailored to the sub-site to preserve critical anatomical structures without compromising the ultimate oncologic outcome.
